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Purpose of review
Brain-injured patients are at increased risk of extracerebral
organ dysfunction, in particular ventilator-associated
pneumonia. The purpose of this review is to discuss
functional abnormalities, clinical treatment, and possible
prevention of respiratory function abnormalities in brain-
injured patients.
Recent findings
Ventilator-associated pneumonia worsens the neurologic
outcome and increases the intensive care unit and hospital
stay, costs, and risk of death. The respiratory dysfunction
can be due to several causes, but atelectasis and/or
consolidation of the lower lobes predominates in the most
severe cases. Strategies should be implemented to prevent
lung infections and accelerate weaning from mechanical
ventilation to reduce the incidence of respiratory
dysfunction and ventilator-associated pneumonia.
Summary
An integrated approach including appropriate ventilatory,
antibiotic, and fluid management could be extremely useful,
not only to prevent and more rapidly treat respiratory failure
but also to improve neurologic outcome and reduce
hospital stay. Further studies are warranted to better
elucidate the pathophysiology and clinical treatment of
respiratory dysfunction in brain-injured patients.
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Introduction
It is common knowledge that in brain-injured patients the
principal morbidity and mortality is more frequently
caused by the primary disease—that is, cerebral nervous
system injury and its neurologic consequences [1]. Never-
theless, extracerebral organ dysfunctions are frequent in
brain-injured patients, increasing the morbidity and mor-
tality [2,3]. Among them, the most frequent complication
is respiratory dysfunction, including pulmonary edema
and pneumonia. It is now clear that an entire spectrum
of pulmonary abnormalities is caused either directly or in-
directly by acute brain injury. Although respiratory prob-
lems seem to play a relevant role in the clinical man-
agement of brain-injury, very few studies have investigated
respiratory function abnormalities in this category of patients [4].
The causes of brain injury are traumatic, spontaneous
hemorrhagic (subarachnoid or parenchymal or both),
and surgical (eg, after trauma, hemorrhage, or malignancies).
It is possible, however, that pulmonary-related problems
and their prevention and treatment may be different be-
tween different categories of brain injury. The aim of this
review is to discuss the functional abnormalities, the clin-
ical treatment, and the possible prevention of respiratory
function abnormalities in brain-injured patients.
The role of extracerebral organ dysfunction
in brain-injured patients
Recently, it has been emphasized that the outcome in
brain-injured patients is more frequently the result of
a progressive dysfunction of organ systems remote from
the site of the primary disease process—the multiple or-
gan dysfunction process. Table 1 summarizes the average
prevalence of extracerebral complications (classified into
overall and severe complications) in brain-injured patients,
as reported by the most recent literature. Several reports
indicate that medical complications after brain injury may
significantly contribute to the overall mortality rate [5].
These studies found that pulmonary alterations accounted
for as many as 50% of the deaths after brain injury. The
mortality was significantly higher in patients with brain in-
jury associated with at least one organ failure than in
patients with brain injury alone (65% vs 17%, respective-
ly). Pulmonary failure was also associated with increased
times in the intensive care unit (ICU) and hospital [6••].
In summary, extracerebral organ dysfunctions and in par-
ticular pulmonary failure are important causes of morbid-
ity and mortality in brain-injured patients.
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Why pulmonary complications occur
in brain-injured patients
We can identify three major causes of pulmonary compli-
cations in brain-injured patients: (1) neurogenic pulmo-
nary edema, (2) abnormalities in ventilation-perfusion
mismatch, and (3) structural parenchymal abnormalities.
Neurogenic pulmonary edema
The most dramatic pulmonary complication in brain-in-
jured patients has been reported to be neurogenic pulmo-
nary edema. In the 1960s, Simmons et al. [7] reported that
85% of their series of combat casualties from Vietnam who
died with a severe isolated head injury demonstrated sig-
nificant pulmonary pathologic changes, including alveolar
edema, hemorrhage, and congestion, that were not the
result of direct lung injury such as chest trauma; this
is called neurogenic pulmonary edema. However, neuro-
genic pulmonary edema is very rare in civilians with brain
injury, except in young patients with massive and usually
rapidly fatal brain damage.
Ventilation-perfusion mismatch
Several authors have observed that most brain-injured
patients with moderate to severe hypoxemia do not show
evident radiographic abnormalities. Thus, it has been
postulated that respiratory failure can occur without inter-
stitial or alveolar edema, but only because of a ventilation-
perfusion mismatch [8].
Three main mechanisms leading to ventilation-perfusion
mismatch in brain-injured patients are these:
1. redistribution in regional perfusion, which has been
found to be partially mediated by the hypothalamus
2. pulmonary microembolisms, which could lead to in-
creased dead space ventilation
3. lung surfactant depletion due to excessive sympathetic
stimulation and hyperventilation
Structural parenchymal abnormalities
The main reasons for respiratory insufficiency in brain-
injured patients are structural parenchymal abnormalities.
We can identify five main causes of structural parenchymal
alterations: (1) abnormal breathing pattern, (2) release of
inflammatory mediators, (3) release of catecholamines
(‘‘sympathetic storm’’), (4) infectious processes, and
(5) consequences of direct trauma, such as lung contusion,
pneumothorax, or pain-induced hypoventilation from rib
fractures.
Abnormal breathing pattern
Abnormal breathing patterns are commonly seen after
brain injury. In particular, both hyperventilation and hypo-
ventilation have been described. Hyperventilation is usu-
ally associated with periods of hypoventilation, which,
together with a reduction in cough reflexes and impaired
airway patency from inspissated secretions, can induce
alveolar atelectasis and consolidation [9].
Release of inflammatory mediators
Brain injury causes a marked release in the brain and in
the systemic circulation of inflammatory and antiinflam-
matory agents, which can lead to peripheral organ dys-
function, especially of the lung, and to moderate to
severe immunodepression [10,11]. Thus, the release of
these inflammatory mediators can lead to multiple organ
failure, wherein the lung parenchyma seems to be a pref-
erential and more susceptible target. However, possible
further mechanisms for brain injury–related symptoms of
systemic inflammation include the high incidence of as-
piration pneumonia in patients who are in poor condition,
which can provide a nidus for systemic inflammation. Im-
paired pulmonary gas exchange can further contribute to
systemic inflammation, because invasive strategies of
mechanical ventilation can cause volutrauma and baro-
trauma, which in turn can trigger the release of pulmo-
nary cytokines.
Release of catecholamines
Brain injury is followed by prolonged sympathetic hyper-
activity, which may lead to hypertension and/or tachycar-
dia. This circulatory hyperactivity induces an increase
in cerebral blood volume and/or cerebral blood flow and
hence intracranial pressure. Moreover, the outcome after
brain injury seems to be related to the intensity of the
plasma catecholamines [12]. Catecholamines, mainly nor-
epinephrine, have been shown to produce two particular
effects on the lung: increased alveolar capillary barrier per-
meability and increased pulmonary lymph flow.
Infectious processes
Brain-injured patients are characterized by an increased
risk for the development of ventilator-associated pneumonia
(VAP) [13,14]. Its incidence is estimated to be between
Table 1. Prevalence of extracerebral organ dysfunctions in
brain-injured patients
Total (%) Severe (%)
Pulmonary
Pneumonia 40 25
Embolism <1 100
Gut 40 5
Cardiac
Arrhythmia 30 5
Cardiac failure 5 1
Metabolic
Electrolyte disorders 30 2
Diabetes insipidus 7 7
Hepatic 25 4
Hematologic 20 6
Renal 10 15
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30% and 50% of brain-injured patients, being extremely
severe in only 20 to 25% of patients. Table 2 shows the
independent risk factors for VAP in brain-injured
patients. Altered consciousness is an important indepen-
dent risk factor for VAP in most of the studies that in-
cluded these patients in their research. VAP can be
arbitrarily classified into early pneumonia, if it occurs
within the first 4 days after admission to the ICU, and
late pneumonia, if it occurs later. Early pneumonia
accounts for approximately 50% of the overall cases of
VAP during the ICU stay. Microorganisms can be classi-
fied into potentially pathogenic and nonpathogenic
microorganisms. The most frequent causative agents of
the early VAP include Staphylococcus aureus and, less fre-
quently, Streptococcus pneumoniae and Haemophilus influ-
enzae. By contrast, the most frequent causative agents
of late VAP are Enterobacteriaceae, Acinetobacter species,
and Pseudomonas aeruginosa.
Although the predominant pathogens of early-onset
pneumonia in patients with brain injury have been well
established in several epidemiologic studies, the precise
relation of prior upper airway, tracheobronchial, and gas-
tric colonization patterns with the development of pneu-
monia and microbial patterns has not been well
investigated. In conclusion, patients with brain injury
are characterized by a high incidence of VAP. Patterns
of colonization and pneumonia suggest that these
patients can experience an alteration of airway immune
defense very early during their illness. The upper airways
represent the most important reservoir of subsequent tra-
cheobronchial colonization associated with early-onset
pneumonia (within 4 days). Both the upper airways and
the stomach may be independent reservoirs for tracheo-
bronchial colonization associated with late-onset pneu-
monia. Preventive measures to reduce the incidence of
early-onset pneumonia in this population of patients
may likely aim at the eradication of both upper and lower
airway colonizers.
Lung morphologic pattern in
brain-injured patients
The morphologic pattern of the lung parenchyma in
brain-injured patients who experience respiratory insuf-
ficiency has not been fully investigated. CTof the lung in
patients with VAP is characterized by marked lung den-
sities in the dependent regions. By contrast, the nonde-
pendent regions seem to be relatively healthy and well
aerated, without any ground-glass radiologic alteration.
These dependent densities are poorly responsive to
the application of recruitment maneuvers or high PEEP
levels, but they are partially recruited when the patients
are in a prone position (Fig. 1). This likely means that the
main structural lung alteration during VAP in these pa-
tient is not mainly the alveolar consolidation but altera-
tions in the peripheral airways with consequent alveolar
collapse [15]. These findings can have important conse-
quences for the prevention and treatment of VAP in
these patients.
Prevention of respiratory function
abnormalities in brain-injured patients
Because respiratory dysfunction plays a relevant role in
the outcome of brain injury, prevention is extremely im-
portant. Unfortunately, very few studies have investigated
the efficacy of specific protocols to prevent respiratory
dysfunction in these patients, and most of them did not
randomize the patients.
We believe that the main goals should be to prevent lung
collapse and/or consolidation, to prevent lung infection,
and to accelerate weaning from mechanical ventilation
as soon as possible.
Prevention of lung collapse and/or consolidation
Mechanical ventilation with moderate levels of PEEP
associated with recruitment maneuvers from the begin-
ning of ventilatory treatment is likely important to
avoid progressive collapse and further possible consoli-
dation of the lung [16,17]. Recent studies have found
that an open lung approach helps improve respiratory
function in neurosurgical patients with severe respira-
tory failure without negative effects on cerebral physi-
ology [18•]. The addition of a preventive use of the
prone position could be extremely useful to reduce
worsening of the lung condition or to improve respira-
tory function when severe respiratory failure is estab-
lished [19••,20].
Furthermore, the prone position has been found effective
in improving tissue oxygenation of the brain in severely
hypoxemic patients, with minimal negative effects of in-
tracranial pressure and cerebral blood flow [21••]. However,
it should be remembered that both during recruitment
maneuvers and the prone position, accurate monitoring of
the physiologic cerebral function is warranted to minimize
Table 2. Independent risk factors for ventilator-associated
pneumonia in brain-injured patients
Risk
Risk factors related to brain injury
Altered consciousness 6.6
Risk factors associated with the treatment of brain injury
Aspiration 7.0
Emergency intubation 6.4
Mechanical ventilation >3 days 2.3
Risk factors associated with treatment of a general
population of critically ill patients
Reintubation 5.4
Age >60 y 5.3
Supine position 4.8
Previous disease 3.6
Prior antibiotic use 2.9
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possible negative effects on the brain induced by the
maneuver itself [22,23].
Careful fluid balance is likely important to reduce the pro-
gressive accumulation of fluids in the extracellular matrix,
favoring the development of respiratory failure. Recent
studies indicate that protocols targeted at intracranial
pressure instead of cerebral perfusion can lead to a reduc-
tion in the need for fluids and consequently to a reduction
of respiratory insufficiency episodes and a better neuro-
logic outcome [24,25].
Specific drugs such as low-dose corticosteroids with strict
control of glucose serum levels could be useful to reduce
the local and systemic inflammatory response, especially
in the presence of VAP, but studies in humans are lacking
[26••]. Furthermore the use of antisympathetic drugs (clo-
nidine) and selective b1 antagonists to reduce the nega-
tive systemic effects of the sympathetic storm on the
lung have been found to be associated with better lung
and neurologic outcome [27].
Prevention of lung infection
Several treatments have been proposed to prevent lung
infection.
Antibiotic prophylaxis with second-generation cephalo-
sporins (cefuroxime or cefoxitin) can be useful to prevent
early pneumonia. However, some studies have reported an
increased rate in late pneumonia if antibiotic prophylaxis
is used for more than 24 hours [28].
Selective digestive decontamination has been proposed to
reduce the microbiologic load in the oropharynx and in the
stomach, and a few studies have shown the beneficial ef-
fects in trauma patients to reduce the incidence of VAP.
However, its effects on mortality and morbidity are contro-
versial [29,30].
The upright position can also be useful to reduce VAP and
the length of ICU stay in a general population of critically
ill patients. The upright position is usually adopted in brain-
injured patients to reduce intracranial pressure when nec-
essary [31].
Continuous oropharyngeal aspiration has been found to re-
duce the contamination of the upper airways and the occur-
rence of VAP [32].
The correct use of antacid drugs is warranted because of
the increased risk of gastric hemorrhage in these patients
[33].
Good nutrition improves the outcome in brain-injured
patients, but the respective roles of enteral and parenteral
nutrition are not clear [34,35].
Figure 1. Lung density changes in representative brain-injured patient with ventilator-associated pneumonia
Positive end-expiratory pressure (PEEP) 5 and 15 cm H2O with patient in supine position (left) and prone position (right). Lung densities were
prevalently located in the dependent regions with patient in supine position, were unmodified by PEEP, but were almost completely resolved with
patient in prone position.
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Personnel hygiene protocols are warranted; in particular,
a careful hand-washing policy seems to reduce the inci-
dence of infections and improve patients’ outcome [36].
Accelerate weaning from intensive care unit
Early tracheostomymay play a relevant role in weaning from
the ICU and improving the clinical treatment of these
patients [37••,38•]. Tracheostomy is better tolerated than
translaryngeal intubation, allows a better cleaning of the
oropharynx, and reduces the incidence of sinusitis and
the work of breathing. With the development of percuta-
neous techniques, the maneuver seems to be easier and
safer [39]. Daily evaluation of spontaneous or minimally
assisted breathing during the weaning phase is mandatory
in brain-injured patients to avoid a delay in discharge from
the ICU and to reduce costs. The common weaning
parameters do not apply to brain-injured patients, whereas
neurologic clinical evaluation plays the main role [40,41].
Aggressive chest physiotherapy, positioning, and fiberoptic
bronchoscopy can remove deep secretions, reducing the
risk for the development of VAP, although clinical data
are scanty.
Finally, daily interruption of continuous sedation decreased
the length of time of ventilator use in a general population
of critically ill patients [42]. However, in brain-injured
patients, the optimal level of sedation is controversial be-
cause although sedation is necessary to limit intracranial
hypertension crisis, it can delay the start of weaning
and prolong the duration of mechanical ventilation.
Conclusion
In conclusion, brain-injured patients are at an increased
risk of extracerebral organ dysfunctions, in particular
VAP, leading to a worse neurologic outcome. In these
patients, VAP is mainly characterized by atelectasis or con-
solidation of the lower lobes. Thus, strategies should be
implemented to prevent lung collapse and/or consolida-
tion and lung infections and to accelerate weaning from
mechanical ventilation. We believe that an integrated ap-
proach could be extremely useful, not only to prevent or
more rapidly treat respiratory failure but also to improve
neurologic outcome and reduce time in the ICU.
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